Logistic regression analysis was conducted to understand the effects of various individual-and household-level determinants of thinness and underweight among adolescents and adult women, respectively. Almost one-third of the adolescents and adult women were undernourished. Factors other than dietary adequacy and diversity had a greater impact on undernutrition in both the adolescents and adult women. The nondietary determinants (e.g., higher age group, higher household wealth status, access to improved water, better maternal work status, and living in better type of houses) predicted good nutritional status in the adolescent girls. In addition, the women's own higher education and household occupation status and better sanitation facilities improved undernutrition in adult women. Therefore, India needs multipronged strategies along with dietary interventions and effective implementation programs to achieve good health and well-being of adolescents and adult women.
Introduction
Adolescence and young adulthood, represented by the childbearing age range, particularly in women, are critical time periods wherein optimal health and nutritional status can be achieved. 1 Nutritional insults during early childhood and maternal malnutrition, including micronutrient deficiencies, 2, 3 have devastating effects and often traverse into adolescence and later life with long-term effects on health, cognition, education, and productivity. [4] [5] [6] Adolescence is now identified as the second window of opportunity, after the first thousand days of life, to improve nutritional inadequacies and inadequate growth and development from childhood. 7 However, thus far, adolescents have been a neglected group, and there is very little information on the health and nutritional status and the influence of their social, economic, cultural, health, and food environments. [8] [9] [10] [11] The limited available evidence not only suggests compromised diet in terms of quantity, quality, and diversity, increasing micronutrient deficiencies, morbidity, and disease burden, but also indicates the presence of dual burden of malnutrition, unhealthy lifestyles, and emergence of early onset of diet-related chronic disorders in the adolescent population. 12, 13 As adolescents constitute about 1.8 billion of the world's population, there is a need for concerted efforts and to reaffirm greater focus on this prime and vulnerable life stage, as it has a large potential of return on investment in nutrition in terms of improving overall health and doi: 10.1111/nyas.13599 well-being in the current and future generations. 14 The Sackler Institute for Nutrition Science of the New York Academy of Sciences has commissioned nine research studies that will use the existing data sets from the interventional and observational studies across different geographical regions to address the critical knowledge gaps in adolescent nutrition. In light of the above, we have undertaken this study to comprehensively analyze the National Nutrition Monitoring Bureau (NNMB) data set on the diet and nutritional status of rural population in India collected during the period of 2011-2012. We describe the food intakes, nutritional inadequacies, and prevalence and determinants of undernutrition in adolescent girls (10-19 years) and adult women (20-49 years) residing in the rural areas of India.
Materials and methods
For this analysis, we used data from the NNMB, India dataset, 2011-2012. 15 The survey used a crosssectional design adopting a multistage systematic random sampling method to cover a representative sample of the rural population in India. The survey has been performed in 23,889 households from 1195 villages in the rural areas of 10 states of India during the year 2011-2012, with a coverage rate of 99.5%. In our analysis, we focused on the food consumption data of the previous 24 h and the nondietary data (including sociodemographic, economic, anthropometric, water, and sanitation data) on 3930 adolescent girls in the age group of 10-19 years and 11,058 adult women in the age group of 20-49 years. Details of methods used to collect the aforementioned data have been outlined in the NNMB report (2011) (2012) . 15 We assessed the quantity of food from the individual 24-h food recalls and converted to median nutrient intakes, including proximate and micronutrients, using the Indian food composition database as the primary source for nutrient values. 16, 17 The probability of dietary adequacy (PA) of individual micronutrients, namely, vitamin A, vitamin C, thiamine, riboflavin, niacin, folate, vitamin B 12 , iron, calcium, and zinc, was calculated based on estimated average requirements, and the mean probability of adequacy (MPA) of micronutrients for each individual was computed as an average of the sum of all PAs of individual nutrients. 18 The macronutrient distribution range was calculated as the percentage of energy obtained from the amount of carbohydrates, protein, and fats consumed, and we assessed the adequacy of macronutrients by comparing to the acceptable macronutrient distribution range (AMDR). 19 AMDR is defined as a contribution of energy from carbohydrates of 50-60%; from proteins of 10-15%, and from total fats of 20-30%. Dietary diversity sore (DDS) was calculated as the number of food groups consumed in the previous 24 h, similar to method prescribed by the Food and Agriculture Organization of the United Nations in 2010. 20 The DDS was calculated from 14 food groups categorized as cereals and millets; pulses and legumes; nuts; green leafy vegetables; roots and tubers; other vegetables; fruits; milk and milk products; fish; meat and poultry; added fats; added sugars, condiments and spices; and other foods. We calculated the body mass index (BMI) for age Zscores (BAZ) for the adolescent girls using the 2009 World Health Organization growth standards. 21 We defined thinness for adolescent girls as BAZ less than -2 standard deviation (SD) of the reference population and underweight for adult women as having a BMI of less than 18.5 kg/m² and overweight/obesity as having a BMI of 25 kg/m² or higher.
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Data analysis
We used the descriptive statistics, such as mean, median, SD, interquartile range, and proportions, to describe the characteristics of the adolescent and adult women. The differences in mean values were tested using one-way analysis of variance with the Bonferroni correction, and the differences in median values were tested using the Mann-Whitney U test and Wilcoxon signed-rank test. In the bivariate analysis, we used the 2 test to investigate the association of categorical outcome variables (thinness in adolescent and underweight in adult women) and the independent dietary and nondietary factors. Logistic regression with crude and adjusted odds ratios was used to test for the strength and direction of the association. Univariate logistic regression was used to determine the crude odds ratios with 95% confidence intervals, and multivariate logistic regression was used to obtain the adjusted odds ratios with 95% confidence intervals to identify the independent determinants of thinness and underweight in adolescent girls and adult women, respectively. 23 Statistical significance was considered at P < 0.05, and all tests were two-sided. Table 1 shows the descriptive data on adolescent girls (10-19 years) and adult women of childbearing age (20-49 years) in the present analysis. The mean age (SD) of the adolescent girls and adult women was 14.4 (2.83) and 32.9 (8.33) years, respectively. Dietary energy intake, a proxy for food intake, was significantly (P < 0.05) lower in the adolescent girls compared with adult women, with the intake being lowest (P < 0.05) in the younger (10-14 years) adolescent girls. The major contributor of dietary energy was carbohydrates (ß75%) and the fat intake was less than optimal (ß14%), and almost all the adolescent girls and adult women did not satisfy the criterion for AMDR of energy from carbohydrates (50-60%), proteins (10-15%), or fats (20-30%). The food diversity in their diets was observed to be good; however, the adequacy of micronutrient intake indicated by the MPA was very poor in both the adolescent girls and adult women. Prevalence of thinness was significantly (P < 0.05) higher in the 10-14 year group (35%) compared with 15-to 19-year-old (19%) adolescent girls. In general, the prevalence of undernutrition was higher in adult women (35%) compared with adolescent girls (27%). Tables S1-S4 (online only) show data on the median food and nutrient intakes and how they differ with nutritional status in adolescent girls and adult women, while Tables 2-5 present data on inequalities in dietary adequacies among the different nutritional status categories. The adolescent girls consumed a diverse diet, and the food diversity did not differ between younger and older adolescents or between normal and thin adolescent girls. A wide variation is seen in the median consumption of foods from different food groups in both the adolescent girls and adult women, with the younger adolescents being the most disadvantaged. Considerable inequalities exist in the intakes between those who are normal and undernourished. The younger adolescents (10-14 years) consumed a significantly lower amount of food and nutrients compared with older adolescent girls (15-19 years) . The adolescent girls who are thin consumed a significantly (P < 0.05) lower amount of cereals and millets, roots and tubers, fish and other sea foods, meat and poultry, and condiments and spices compared with wellnourished adolescent girls, with the inequalities being greater in the younger girls (Table S1 , online only). Consequently, the macro-and micronutrient intakes differed between the two adolescent age groups as well as by nutritional status. The adolescents who are thin consumed a significantly lower amount of all the three macronutrients as well as most of the micronutrients, except vitamin A. The intake of vitamin B 12 is negligible in both the adolescent girls and adult women (Table S2, online only) Note: Values in the same row not sharing the same superscript within a subgroup are significantly different at P < 0.05 by one-way ANOVA with Bonferroni correction for mean values and by 2 test for association between dietary variables and nutritional status. DDS, dietary diversity score; AMDR, acceptable macronutrient distribution range; MPA, mean probability of adequacy of all the eight micronutrients.
Results
The adequacy of dietary macro-and micronutrients in adolescent girls is presented in Table 2 . In general, the macronutrient adequacy (i.e., the AMDR) is associated with nutritional status among adolescent girls; however, this association was not significant when disaggregated by age group. Nevertheless, a higher proportion of the younger adolescents who are thin did not satisfy the required AMDR compared with the older girls. Furthermore, the overall adequacy of micronutrient intakes (i.e., MPA) was significantly lower in undernourished adolescents compared with normal girls, with the risk of inadequacy being higher in the younger ones. The inadequacies for individual micronutrients varied with age as well as nutritional status. The risk of inadequacy was higher for riboflavin, niacin, and calcium in younger adolescents who are thin, while the inadequacy was higher for vitamin A, riboflavin, niacin, and zinc in undernourished older adolescents compared with their normal counterparts.
With reference to the adult women, they generally consumed a considerably diverse diet. However, food diversity varied significantly across the range of nutritional status among them. The DDS was significantly lower in the underweight compared with normal weight women, and only 34% of the underweight women consumed foods from more than five food groups. The median consumption of foods such as cereals and millets, pulses and legumes, leafy vegetables, and roots and tubers was similar between normal and undernourished women. However, the undernourished women consumed significantly lower quantities of other vegetables, fruits, dairy, fish, meat and poultry, nuts and seeds, added sugar, and added fats (Table S3 , online only), which contributed to a significantly lower intake of energy, protein, total fat, and micronutrients, such as vitamins A and C, riboflavin, niacin, calcium, folate, and iron (Table S4 , online only). In contrast, the overweight/obese women consumed higher amounts (P < 0.05) of nuts and seeds, fruits, other vegetables, roots and tubers, dairy, fish, meat and poultry, condiments and spices, added fats, and added sugars compared with normally nourished women, with a corresponding higher intake of total fat, calcium, zinc, vitamin A, and vitamin C (Tables S3 and S4 , online only). Interestingly, the overweight/obese adults consumed a significantly lower amount of cereal and millets and thereby carbohydrates compared with normal women. Carbohydrate is the main source of energy (72-76%) in the women's diets, far exceeding the acceptable range (50-60%), and was significantly highest in the underweight and lowest in the overweight women. In general, fats provided suboptimal energy (i.e., 13-16% compared with the required 20-30%), and the percent energy contributed by fats was significantly higher in the overweight/obese women compared with undernourished and normal women. The dietary adequacy of micronutrients was observed to be very low in the adult women. The overall adequacy for the 10 selected micronutrients was significantly lower in underweight women compared with normal women, with adequacy lowest for calcium. The adequacy for calcium and vitamin C was better, while that of zinc was significantly lower in overweight and obese women compared with normal women (Table 3) . Tables 4 and 5 show that several household-level indicators (socioeconomic, education, water, and Note: Values are n (%). The associations between nondietary variables and nutritional status are significant at *P < 0.05, **P < 0.01, and ***P < 0.001 by 2 test.
sanitation factors) are significantly associated with the prevalence of thinness in adolescent girls and underweight in adult women. Thinness is significantly higher in adolescent girls living in households with a family size of four and above (P < 0.01); in rudimentary houses made of temporary material (P < 0.001), in households with an illiterate mother (P < 0.05) and/or one who performs manual labor for a living (P < 0.01), in households with lower family income (P < 0.001), and in households with limited access to improved water facility (P < 0.01) or improved sanitation (P < 0.001) ( Table 4) . A significantly higher proportion (P < 0.001) of adult women are underweight in all the household categories mentioned above, as well as in households where the breadwinner is illiterate and/or engaged in manual labor for a living, in households belonging to marginalized communities, in households that used unhealthy (e.g., firewood) sources of cooking fuel, and if the women herself is illiterate or is involved in manual labor for a living (Table 5) . A significant contrasting association is observed with respect to relationship between various categories of household-level variables and overweight/obese adult women compared with underweight women. Table 6 shows the results of logistic regression for multiple determinants of thinness (undernutrition) in adolescent girls. The effects of the covariates, along with their 95% confidence intervals, are presented, and statistical significant association is declared at P < 0.05. The crude odds ratio shows the effect of independent variables without adjusting for the effects of other covariates described in the table. In the multivariate model, the effect of independent variables on thinness is adjusted for the effects that the other covariates may exert. The following categorical variables have at least one category compared with the reference category. The covariates include individual determinants, such as age, food diversity, and adequacy of macro-and micronutrient intakes; the household determinants include family size, community, type of house, maternal and paternal education and occupation, family income, water, and sanitation. The unadjusted associations of age and most of the nondietary household determinants with thinness are significant, while no effects or an inverse association of the dietary Note: Values are n (%). The associations between nondietary variables and nutritional status are significant at *P < 0.05, **P < 0.01, and ***P < 0.001 by 2 test.
determinants was observed. In the adjusted multivariate analysis, only age, type of house, maternal occupation, source of water, and family income show statistically significant effects on thinness. The younger adolescent girls were twice as likely to be thin compared with the older adolescents. Likewise, adolescents were at a higher risk of undernutrition if they lived in rudimentary houses, if their mothers were involved in manual labor, if they lived in households with lower family income, or if they did not have access to improved water facility. Table 7 shows the effects of multiple dietary and nondietary factors on undernutrition in adult women. Similar interplay of effects of the covariates described above was also observed in undernourished adult women. The adjusted multivariate logistic regression analysis showed that the adult women of the lower age group (20-24 years) have a greater risk of being undernourished compared with 25-to 49-year-old adult women. The adult women were more likely to be undernourished if they lived in rudimentary houses, if they lived in households with labor as the primary occupation of the head, if they lived in households with lower family income, if they belonged to marginalized communities, if they were illiterate or less educated or involved in manual labor, if they lived in houses with no access to improved sanitation, and if they used an unhealthy source of cooking fuel. In contrast, the dietary factors did not show a significant effect on underweight status, even in adult women.
Discussion
We conducted this analysis to identify the most likely dietary and nondietary determinants of thinness in adolescent girls (10-19 years) and underweight in adult women (20-49 years) . Age of the adolescent girls and adult women was identified as the major nonmodifiable determinant of undernutrition. The younger adolescent girls (10-14 years) have a twofold higher risk of being undernourished compared with the older adolescent girls (15-19 years) . The association of age with thinness has been reported earlier in 10-to 14-year-old adolescent children. 24 Adolescents in this age group are generally more active, resulting in higher energy expenditure and thus higher energy needs. We observed in this analysis that the energy intakes of the adolescent girls are lower than the requirements and differ significantly between the two age groups and by nutritional status. Moreover, the energy requirements further increase when compounded with an illness, which is often a prevailing condition among the socioeconomically underprivileged groups. Furthermore, a lack of balanced diet and an often prevailing condition of illness can make the adolescent girls more undernourished. We have not examined physical activity in our analysis, and this is a gray area of research that one may examine to determine the effect of physical activity and related correlates on the nutritional status of adolescents. The findings from other National Health Surveys in India corroborate with our findings on a higher prevalence of undernutrition among 20-to 24-year-old adult women compared with 25-to 49-year-old adult women. About 30-45% of 20-to 24-yearold women are married by the age of 18, and the reported median age at first birth is 20 years. [25] [26] [27] Early marriage and early motherhood have detrimental implications on the women's physical and mental well-being and may result in compromised nutritional status. 28 A higher wealth status, a higher maternal work status, living in better type of houses, and access to improved water sources predicted good nutritional status in adolescent girls. Furthermore, in the adult women, the women's own higher education and occupational status, higher work status of head of the household, use of safe cooking fuel, and improved sanitation also offered protection from undernutrition. This indicates that multiple factors encompassing individual and household-, water-, and sanitation-related determinants are associated with nutritional status of adolescent girls and adult women in India. Similar findings, particularly with respect to maternal education, household wealth status, and women's nutritional status, were reported earlier. [29] [30] [31] [32] [33] [34] [35] [36] Low household education levels, including women's education, coupled with lack of nutrition awareness and marginalization in access to health care, 37 may influence their health behaviors, and, in addition, such households receive low incomes that may increase household food insecurity. This may in turn hinder their capacity to provide a balanced, diverse diet to their families and extend high-quality health care, which will together result in undernutrition in children, adolescents, and women in particular. A higher level of undernutrition observed in adolescent girls and adult women residing in houses made with rudimentary materials not only indicates a poor socioeconomic status of the household, but these settings are also conducive to promote growth and multiplication of pathogens that may cause illnesses, which in turn may worsen undernutrition in the individuals residing in such households. 38, 39 In the current analysis, access to unimproved water and sanitation facilities was shown to increase undernutrition in adolescent girls and adult women, respectively. Many researchers have shown that access to improved water and sanitation facilities and duration of use are protective determinants against malnutrition, mainly by reducing infections. [40] [41] [42] [43] [44] Previously, researchers have shown that other sociodemographic factors, such as large family size and lack of awareness regarding food quality and diversity, are associated with undernutrion. [45] [46] [47] In contrast to these findings, our analysis did not detect a significant effect of family size on nutritional status in adolescents and adult women. An adequate and diverse diet did not predict undernutrition among adult women, while a negative effect was seen in the adolescent girls. This could be due to heterogeneity in the spread of variables in the population; use of a single-day diet recall, which does not allow for adjusting intraindividual variation, thereby either underestimating or overestimating the dietary intake; and preclusion of effects by additive influence of other variables. Though the current dietary intakes in the presence of other influencing factors did not predict undernutriton, we cannot undermine the importance of a diverse and adequate diet for improved health in the population groups included in this analysis. We found that the consumption of micronutrients is very poor among both adolescent girls and adult women, which correlates with the very low intakes of micronutrient-dense foods, such as fruits and vegetables and milk and milk products. Furthermore, picky eating behaviors, peer pressure, and onset of menarche during adolescence and young adulthood may also contribute to this phenomenon. 48 More studies are needed to investigate the eating behaviors and the role of menarche and environment in adolescence in India. Improving the women's education and nutrition awareness is crucial to ensure consumption of not only adequate food and macronutrients but also micronutrients, given that the girls, particularly the younger adolescents, are still dependent on their parents. In the context of findings from this study that indicate multifactorial determinants of undernutrition, it is not surprising to see limited efficacy of single interventions in various studies reported. 3, 49, 50 Importantly, our analysis suggests many potential leads for multipronged interventions to improve the nutritional status of adolescent girls and adult women in India.
Strengths and limitations of this analysis
We used an existing large, nationally representative data set in the current secondary analysis to generate nutrition-relevant information on the understudied population group (i.e., adolescent and adult women in India), which will contribute to developing country literature. We used logistic regression, as it is likely to be more appropriate to identify the determinants of undernutrition in both adolescent girls and adult women. Our analysis is based on cross-sectional data; therefore, drawing causal inferences is not possible. Some of the concepts used may not provide an accurate estimate (e.g., the use of a single question, such as current source of water or type of toilet used to classify improved water and sanitation practices, is inadequate without data on the duration of use and related parameters of water, sanitation, and hygiene (WASH)). The use of a single-day diet recall does not accurately measure the usual intakes of a longer duration by the population groups. Nevertheless, nationally representative cross-sectional studies provide an important and feasible opportunity to get reliable estimates for risk factors at a particular fixed time period from various locations.
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Conclusions and food for thought for future research
The prevalence of undernutrition among adolescent girls and adult women is considerably high in rural areas of India. This analysis indicates that the distribution of individual-and household-level determinants and their influence on undernutrition among adolescent girls and adult women in a given setup and time point should be considered in planning diverse preventive and control measures. This analysis has the potential to indicate good leads to formulate and recommend multipronged interventions to improve the health of adolescent girls and adult women in India. Focusing on the determinants of undernutrition in these target groups is imperative to designing and testing intervention strategies and their effectiveness in welldesigned clinical trials. We believe that the political will and commitment and increasing population density that exist in India may also have indirect effects on malnutrition. Hence, a focus on research on the etiological factors of malnutrition in different population groups, the socioeconomic development of the country, strengthening a combination of public health interventions that are nutrition sensitive, water and sanitation specific, and women's education and empowerment centered, and agricultural improvement-and livelihood-based initiatives with the involvement of key stakeholders concerned has an immense potential to achieve substantial reductions in undernutrition and improve health and well-being of the current and future generations. Table S1 . Association of food group consumption with nutritional status in adolescent girls. Table S2 . Association of nutrient intakes with nutritional status in adolescent girls. Table S3 . Association of food group consumption with nutritional status in adult women. Table S4 . Association of nutrient intakes with nutritional status in adult women.
